ABSTRACT -Background -Nonsteroidal anti-inflammatory drugs induces gastric mucosal lesions because of its acidic properties.
INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) such as diclofenac, mefenamic acid, etc. are used to induce ulcer in animal models (4, 6, 17) . In humans, chronic administration of diclofenac for the treatment of various diseases such as rheumatoid and osteoarthritis induces gastric ulcer in 35%-60% of patients (9) . In general, NSAIDs are prescribed for its analgesic, antipyretic, and anti-inflammatory properties; its action is mediated by inhibition of the biosynthesis of prostaglandins, cyclooxygenase, and leukotriene (8, 36) . They induce gastric mucosal lesions because of its acidic properties. A highly acidic gastric environment favors the migration of nonionized lipophilic NSAIDs into the epithelial cells, and at the surface these are dissociated into ions, trapping hydrogen ions and inducing mucosal injury. This action is further enhanced by the decrease of the following: mucosal blood flow, secretion of mucous and bicarbonates, and the defensive factors of the gastric layer (3) . Several lines of evidence indicate that the pathogenesis of NSAID-induced gastrointestinal damage may also depend on PG-independent pathways, such as the uncoupling of oxidative phosphorylation, a reduction in mucosal cell proliferation and neutrophil activation, followed by enhanced endothelial adhesion (10, 28) . These mechanisms, in combination with those related to the inhibition of PG synthesis, lead to microvessel occlusion and subsequent hyperproduction of oxygen reactive metabolites. These substances are then able to induce oxidative tissue injury, which appears to play a prominent role in the pathophysiology of NSAID-induced digestive ulceration (13) . Further, several previous studies have reported that apart from the stomach, the NSAIDs also have detrimental effects on the morphology of liver and kidney (2, 33) . NSAID toxicity is an important clinical problem (26) . This requires prophylaxis with antiulcer drugs. H 2 blockers are most widely prescribed drugs for NSAID-induced gastric lesions (24) . Ranitidine, a well known H 2 receptor antagonist, has proved effective in patients with gastric ulcers (5) . It has been demonstrated previously that ranitidine prevents the release of neutrophil elastase and reactive oxygen species, the cell surface expression of CD11b and CD18, and the increase in intracellular calcium concentration in neutrophils stimulated with formyl-methionylleucyl-phenylalanine (fMLP) (21) . Such inhibitory activities of ranitidine on neutrophil activation may contribute to reduce stress-induced gastric mucosal injury in rats (21) . Ranitidine is frequently used for prophylaxis of acute gastric mucosal injury in patients with circulatory shock or sepsis (19) . Lichtenberger and co-workers has shown that the antisecretory drugs impair the analgesic and antipyretic activities of acidic NSAIDs (16) . Thus, prescribing NSAIDS together with antisecretory agents seems to be a safe strategy but the combination might become less effective for its primary intention. Higher doses of NSAIDs would be required for the therapeutic effects but the incidence of adverse effects will increase. Very few studies of this kind have been reported in the literature. Hence the present study was undertaken to assess the rationale of using H 2 blocker in NSAIDs (diclofenac, nimesulide) induced gastropathy, and its effect on the histology of stomach, liver and kidney.
METHODS

Animals
Healthy Wistar albino rats of both sexes weighing 160-200 g were used for the study. The animals were kept in polypropylene cages (six animals per cage) with food and water ad libitum. The study was duly approved by Institutional Animal Ethics Committee, Vardhaman Mahavir Medical College and Safdarjung Hospital, New Delhi (Approval no. IAEC/2012/02, dated 17/08/2012).
Drugs and dosing schedule
Diclofenac and nimesulide were used for inducing gastropathy in doses of 2 and 4 mg/kg, p.o. once daily for 14 days. Ranitidine was used as H 2 blocker drug, and administered in a dose of 6 mg/kg, p.o. once daily for 14 days. Group I was administered ranitidine alone, and served as positive control group. Group II was administered ranitidine followed by diclofenac for 14 days. Group III was administered diclofenac alone. Group IV was ranitidine followed by nimesulide for 14 days. Group V was administered nimesulide alone.
Methodology
• Surgical procedure
Pilot experiments performed in our laboratory have shown that recovery of quantities of gastric juice was unsatisfactory from intact fasting stomach as well as quite impossible. Therefore, in order to collect sufficient quantities of juice, pylorus was tied and gastric secretion was allowed to accumulate in stomach (27) . Following the administration of drugs according to the respective groups, food was withdrawn 12 h after the last day's dose. However, water was continued ad libitum. After 24 h of starvation, the rats were anesthetized with pentobarbital sodium (35 mg/kg). A midline abdominal incision was made extending from the xiphoid for a distance of about one inch. Stomach was identified and ligature was placed at pyloric end of stomach, extreme care being exercised that no damage to either the blood supply or traction in pylorus occurs. Grasping of stomach with instruments was avoided to prevent ulceration which could have developed invariably at such points. The abdominal wall was closed by interrupted sutures.
Twelve hours after the pyloric ligation procedure, all the animals were sacrificed by an overdose of anesthesia. The abdomen was reopened and a ligature was placed on oesophagus, close to diaphragm. The stomach was removed and contents were drained into graduated centrifuge tubes. The emptied stomach was opened along the greater curvature, stretched moderately and the inner surface was examined for mucosal integrity and occurrence of ulcers.
• Analysis of gastric contents
The gastric contents were analyzed individually and the volume of gastric contents measured. The samples were centrifuged in a graduated centrifuge tube at 2000 rpm for 10 min. The volume of supernatants and of solid was recorded. The pH of gastric juice was also measured by using pH paper strips of varying ranges. The colour of the pH paper after the procedure, was matched with standard scale and pH was recorded for different groups of animals.
The free acidity was assayed by titration to pH 3.5 with 0.01 N NaOH using Toepfer's reagent (0.5% dimethylaminoazobenzene in absolute ethanol) as an indicator, and total acid production by titration to pH 8.0 with 0.01 N NaOH using phenolphthalein as an indicator as follows:
One mL of filtered gastric contents was pipette into a 60 ml beaker. Toepfer's reagent (2-8 drops) were added to it which gave it a red colour, and then titrated with 0.01 N NaOH until all traces of the red colour disappeared, and the colour changed to yellowish orange. The volume of alkali added was recorded. This volume was free acid volume. Then, 2-3 drops of phenolphthalein was added, and titration was continued until a definite red tinge reappeared. Again, the burette was read for the total volume of alkali added. This volume measured combine acidity. The sum total of free and combined acidity volumes gave total acidity volume. It is better not to mix the two indicators but to add them separately. Appearance of yellow colour on adding Toepfer's reagent signifies absence of free acid. Observations were expressed in mEq/L by multiplying factor 10 with observations recorded in mL.
Histopathology
Sections of the stomach, liver and kidney were dissected out and fixed in 10% formalin solution. Paraffin sectioning was done, and the tissues were stained with hematoxylin and eosin, and examined under a light microscope by a senior experienced pathologist from the institute blinded during the histological examination (2, 33) .
Statistical analysis
The values are expressed as mean ±S.E.M. (Standard error of mean). Analysis of values between groups was performed using one way ANOVA (analysis of variance) followed by Tukey's test.
RESULTS
Gastric secretions • Volume of solids and supernatant
Following centrifugation of gastric contents, the solids settled at the bottom of centrifuge tubes were measured and recorded. Significant increase in volume of solids were recorded in the diclofenac and nimesulide groups as compared to the control (P<0.0001; Figure 1 ). However, ranitidine decreased the volume of solids as compared to the control (P<0.05). Moreover, the combination of ranitidine and diclofenac significantly reduced the volume of solids as compared to the diclofenac group (P<0.001; Figure 1 ).
The volume of clear gastric juice (supernatant) collected above the solids was measured and recorded. Significant increase in the volume of supernatant (gastric juice production) was recorded in the diclofenac and nimesulide groups as compared to the control (P<0.0001). Volumes recorded for groups IV and V were not significant as compared to the control group (Figure 1) . Moreover, the combination of ranitidine and diclofenac significantly reduced the volume of supernatant as compared to the diclofenac group (P<0.01).
• Total acidity
The groups administered with diclofenac or nimesulide significantly increased the total acidity (P<0.0001) as compared to the control group (Figure 2) . However, the group treated with the combination of ranitidine and diclofenac significantly reduced the total acidity (P<0.05) as compared to diclofenac alone group (Figure 2 ).
• Free acidity
In this, the diclofenac and nimesulide treated groups showed significant rise in free acidity as compared to the control group (P<0.001), whereas the group treated with ranitidine and diclofenac significantly decreased the free acidity as compared with the diclofenac group (P<0.01; Figure 2 ).
• Mean ulcer number
In this, both the ranitidine with diclofenac, and ranitidine with nimesulide groups showed significant decrease in the mean ulcer number as compared to the diclofenac and nimesulide groups respectively (Figure 3) . 
Histopathology
In the control group, the sections of kidney showed numerous normal glomeruli with adequate cellularity and no thickening of glomerular basement membrane amidst tubules between which few scattered arterioles in scant interstitium can be seen. In group 2 (ranitidine and diclofenac), few glomeruli show scattered mononuclear inflammatory cells, which extend to the interstitium with mild oedema ( Figure 5B ). Mild tubular atrophy present. No evidence of necrosis or calcification. While in groups 3 (diclofenac alone), 4 (ranitidine and nimesulide), and 5 (nimesulide alone), sections from the kidney showed normal glomeruli with adequate cellularity with thickening of glomerular basement membrane amidst tubules ( Figure 5C, 5D, 5E ).
Further, in the control group, sections from the liver showed anastomosing plates and cords of cuboidal hepatocytes with round well stained nuclei and abundant cytoplasm. The architecture of the portal triad is maintained. The classical lobule unit composed of the arrangement between the portal canal (hepatic artery, portal vein and hepatic bile duct) and the central vein are anatomically normal. Moreover, in group treated with ranitidine and diclofenac, mild dilatation of sinusoids is seen coupled with prominence of central vein ( Figure 6B ). The classical lobular unit is, however, intact. In group 3 (diclofenac alone), the proximal and distal convoluted tubules show mild focal tubular necrosis with intraluminal secretions between which are seen few scattered dilated arterioles in scant interstitium ( Figure 6C ). Further, sections from the liver show areas of well defined necrosis of hepatocytes. The central veins appear congested and dilated. There is evidence of periportal inflammation characterised predominantly by lymphocytes which do not extend beyond the limiting plate. Focal areas show degenerative cystic changes in the parenchyma. In group 4 (ranitidine and nimesulide), mild interstitial oedema was noticed and mild dilatation of sinusoids was also seen coupled with prominence and congestion of central vein ( Figure 6D ). In group 5 (nimesulide alone), the sections from the liver showed areas of necrosis with congestion and dilatation of sinusoids and mild periportal inflammation ( Figure 6E ).
In the control group, the sections from the gastroduodenal junction show luminal surface thrown out into several folds forming villi. The epithelial lining surface of the mucosa is composed of absorptive cells, goblet cells, paneth cells and undifferentiated cells. The submucosa is seen as a narrow band of connective tissue domain beneath the muscularis mucosa. The muscularis externa surrounding the submucosa is composed of two prominent layers of smooth muscle layer of cells, between which is seen myenteric plexus. In group 2 (ranitidine and diclofenac), the duodenum showed scattered inflammatory cells composed predominantly of lymphocytes beneath the epithelial surface of the mucosa ( Figure 7B ). The submucosa and the muscle layer are unremarkable. In group 3 (diclofenac alone), the sections from the gastric areas showed partial necrosis with discontinuity of the mucosa with covering slough and chronic inflammatory cells invading the entire mucosa involving the glands, with poor attempts of regeneration and fibrosis ( Figure 7C ). In group 4 (ranitidine and nimesulide), the sections from the gastric areas showed chronic inflammation of gastric mucosa, with chronic inflammatory cells lying scattered over a wide area in both mucosa and submucosa ( Figure 7D ). In group 5 (nimesulide alone), the sections from the gastroduodenal junction showed mild chronic inflammation of gastric mucosa, with lymphocytes scattered between the glands ( Figure 7E ).
DISCUSSION
Gastric pain, mucosal erosion/ulceration and blood loss are produced by most NSAIDs to varying extent; relative gastric toxicity is the major consideration (4, 6, 17, 33) . Inhibition of synthesis of gastroprotective prostaglandins (PGE 2 , PGI 2 ) is clearly involved, though local action induction back diffusion of H + ions in gastric mucous is also playing a role (1) . Deficiency of PGs reduces mucous and HCO 3 -secretion, tends to enhance acid secretion and may promote mucosal ischemia. Thus NSAIDs, specifically non-specific COX-1 and COX-2 inhibition, enhance aggressive factors and curtails defensive factors in gastric mucosa, and are therefore ulcerogenic. NSAIDs with weak COX-1 inhibition or selective COX-2 inhibition are practically free of gastric toxicity and are safer.
Initially, all NSAIDs were thought to act by inhibiting the action of a single cyclooxygenase enzyme. Cyclooxygenase comprises of two associated enzymes with two distinct 
• Change in pH
The diclofenac and nimesulide treated groups showed significant decrease in the pH as compared to the control group (P<0.001 for both). However, the administration of ranitidine with either diclofenac or nimesulide significanty increased the pH (Figure 4) . functions: cyclooxygenase activity, converting arachidonate liberated from the phospholipid membrane by phospholipase to prostaglandin G 2 (PGG 2 ), then converting PGG 2 to prostaglandin H 2 (PGH 2 ) by a peroxidise action. PGH 2 is then converted to a variety of prostaglandins in a cell type specific manner (33) . In chronic inflammatory situations, prostaglandins appear to have an anti-inflammatory action. NSAIDs are thought to act as anti-inflammatory drugs by inhibiting inflammatory prostaglandin production. Unfortunately, such an inhibitory action has deleterious effects in areas relying on prostaglandin production, including gastric mucosal protection and renal blood flow. NSAIDs also damage the gastrointestinal tract via other mechanisms including effects on neutrophil function, altering gastric mucosal blood flow in a non-prostaglandin dependent manner, direct irritant effects including the concept of ion trapping and interference with growth factors and ulcer healing mechanisms (33) . The focus of recent research has been to investigate ways of counteracting gastric mucosal damage due to inhibition of prostaglandin formation by interference with COX.
Diclofenac and nimesulide (both NSAIDs), in the present study, appeared to act by inhibition of prostaglandin synthesis via COX-independent route. Previous study has described the induction and suppression of COX function in human monocytes by bacterial lipopolysaccharides and dexamethasone, suggesting the existence of two isoforms (12) . This increase in prostaglandin production was associated with de novo production of new COX protein. Further, the H 2 receptor blockers are presently recommended for both the prevention and treatment of gastroduodenal ulcers associated with NSAID use (24) . Ranitidine is a histamine H 2 -receptor antagonist that inhibits stomach acid production. It is commonly used in treatment of peptic ulcer disease and gastroesophageal reflux disease.
In the present study, administration of the NSAIDs, diclofenac and nimesulide, induced gastric damage and liver toxicity. This is in agreement with the earlier reports that have administered NSAIDs and observed severe hepatotoxicity and intestinal damage in the rat small intestine that was evident both macroscopically and histologically, resulting in loss of surface epithelium, mucosal necrosis and massive inflammatory cell infiltration (14, 25, 30, 35, 36) . Previous studies have reported that NSAIDs may also induce gastric damage by acid-independent mechanisms such as by increasing oxidative stress parameters viz. increase in mucosal myeloperoxidase levels, together with increase in mucosal malondialdehyde and reduced glutathione concentration (7, 20, 23) . Malondialdehyde is an end product of the peroxidation of polyunsaturated fatty acids and related esters within cell membranes, such that the measurement of this compound represents a suitable index of oxidative tissue damage (15) . Sulfhydryl compounds are involved in the maintenance of gastric integrity, particularly when reactive oxygen species are implicated in the pathophysiology of tissue damage (18, 29) . Indeed, GSH participates in many aspects of oxidative metabolism, including the neutralization of hydroperoxides and the maintenance of the physiological sulfhydryl status of proteins (11, 18) . Our present findings are consistent with evidence indicating that NSAIDs, acting through local and systemic mechanisms, promote ischemic and inflammatory alterations, which result in gastric neutrophil infiltration, release of oxygen metabolites, and cell membrane peroxidation. Moreover, rats treated with the combination of ranitidine and diclofenac showed decreased production of gastric acid and also decreased incidence of gastric ulcers. This may be attributed to the ranitidine's antioxidative potential as has been reported in previous studies (7, 20, 23) . Histologically too, ranitidine was observed to reduce gastric and liver damage which may be due to inhibition of neutrophil activation as observed in earlier studies (21, 22) . However, the administration of ranitidine together with nimesulide had insignificant effect on the gastric volume, total acidity and free acidity, whereas it significantly reduced the mean ulcer number and increase the gastric pH.
Earlier studies have reported that NSAIDs, promote ischemic and inflammatory alterations, which result in gastric neutrophil infiltration, and increase in oxidative stress (31, 34) . Further, the H 2 receptor blocker Ranitidine has been observed to reduce ischemia/reperfusion-induced liver injury by inhibiting neutrophil activation directly, or indirectly by inhibiting the production of TNF-α, which is a potent activator of neutrophils (22) . Therefore, the effect of ranitidine on the decreasing the detrimental effects of diclofenac and nimesulide could be due to the inhibition of the neutrophl activation. Therefore, the study has provided therapeutic rationale towards simultaneous administration of H 2 receptor blocker ranitidine with diclofenac to be more beneficial to minimise the gastric intolerance of diclofenac in long term treatment of inflammatory conditions.
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